We present 12 years of precision Doppler data for the very nearby G3 star HD 102365, which reveals the presence of a Neptune-like planet with a 16.0 M Earth minimum mass in a 122.1 day orbit. Very few "Super Earth" planets have been discovered to date in orbits this large and those that have been found reside in multiple systems of between three and six planets. HD 102365 b, in contrast, appears to orbit its star in splendid isolation. Analysis of the residuals to our Keplerian fit for HD 102365 b indicates that there are no other planets with minimum mass above 0.3 M Jup orbiting within 5 AU and no other "Super Earths" more massive than 10 M Earth orbiting at periods shorter than 50 days. At periods of less than 20 days these limits drop to as low as 6 M Earth . There are now 32 exoplanets known with minimum mass below 20 M Earth , and interestingly the period distributions of these low-mass planets seem to be similar whether they orbit M-, K-, or G-type dwarfs.
INTRODUCTION
In recent years, extending the threshold for exoplanet detection to yet lower and lower masses has been a significant endeavor for exoplanetary science. As at 2010 October, 31 exoplanets have been published with minimum (i.e., m sin i) masses of less than 20 M Earth . All have been found in orbits of less than a few hundred days, corresponding to orbital radii of 1 AU. Roughly equal numbers have been found orbiting M-, K-, and G-type dwarfs (10, 11, and 10, respectively, in each of these spectral types). This roughly equal distribution hides several selection effects. First, that finding very low-mass planets orbiting G-dwarfs is much harder than finding them orbiting M-dwarfs, since the lower mass of an M-dwarf primary will (for a given mass planet with a given orbital period) make the Doppler amplitude of an M-dwarf exoplanet at least three times larger than a G-dwarf one. And second, that current planet search target lists are dominated by G-dwarfs.
The detection of such low-mass exoplanets has in large part been due to the dramatic improvements achieved in the intrinsic, internal measurement precisions of Doppler planet search facilities. These have improved to such an extent that noise sources intrinsic to the parent star are the major limiting factor for very low-mass exoplanet detection. Characterization of these noise sources (jitter, convective granulation, and asteroseismological p-mode oscillations) has become an important focus of Doppler planet detection. A few obvious modifications to current observing strategies have emerged-(1) target low-mass stars; (2) target chromospherically inactive and slowly rotating stars; (3) target high-gravity stars (where p-mode oscillations are minimized); and (4) extend the observations of stars over several p-mode fundamental periods, so that asteroseismological noise is suppressed.
The Anglo-Australian Planet Search (AAPS) began operation in 1998 January and is currently surveying 250 stars. It has first discovered 33 exoplanets with m sin i ranging from 5.1 M Earth to 10 M Jup (Tinney et al. , 2003 (Tinney et al. , 2005 Butler et al. 2001 Butler et al. , 2002 Jones et al. 2002 Jones et al. , 2003a Jones et al. , 2003b Jones et al. , 2006 Jones et al. , 2010 Carter et al. 2003; McCarthy et al. 2004; O'Toole et al. 2007 O'Toole et al. , 2009 Bailey et al. 2009; Vogt et al. 2010b) . Over the last five years, each of the observing strategy improvements listed above have been implemented in this planet search program, resulting in the detection of several low-amplitude systems in recent years (e.g., 61 Vir bcd, HD 16417b- Vogt et al. 2010b; O'Toole et al. 2009) . In this paper, we add to this track record, with the discovery of a 16 M Earth planet in a 122.1 ± 0.3 day orbit around the very nearby (d = 9.24 pc) G3 star HD 102365.
HD 102365
HD 102365 (Gl 442A, HIP 57443, and LHS 311) lies at a distance of 9.24 ± 0.06 pc (Perryman et al. 1997 ) and has been classified as both a G3V (Keenan & McNeil 1989 ) and a G5V (Evans et al. 1957) . It has an absolute magnitude of M V = 5.06 (V = 4.89) and B − V = 0.664. Hipparcos photometry finds it to be photometrically stable at the 4 mmag level over 112 observations over the course of the Hipparcos mission (Perryman et al. 1997) .
HD 102365 was identified by Van Biesbrock (1961) as being a member of a common-proper-motion binary system. Its companion star (LHS 313, Gl 442B) is considerably fainter (V = 15.43). Hawley et al. (1996) identified the companion as an M4V, and it was recovered by Two Micron All Sky Survey at a position angle and separation consistent with the earlier Takeda et al. (2007) , remaining parameters from Valenti & Fischer (2005) . b T eff from infrared flux method.
identification, and had optical-near-infrared colors consistent with being a binary companion to HD 102365. Its near-infrared photometry (M J = 8.8 ± 0.2) indicates a mass of 0.2 M (using the mass-luminosity relations of Delfosse et al. 2000) . The separation of the components on the sky corresponds to a distance of 322 AU, which would place the orbital period of the companion in the region of tens of thousands of years. HD 102365 is a bright, nearby and Sun-like star. It has therefore been the subject of multiple atmospheric and isochronal analyses-the conclusions reached by the most recent of these are summarized in Table 1 . In brief, HD 102365 is ≈100 K cooler than the Sun has a metallicity a factor of two lower (i.e., −0.3 dex) and a mass about 15% lower. In the analysis which follows we assume a mass of 0.85 M .
HD 102365 is also a very slow rotator (v sin i = 0.7 km s −1 ) and inactive (with a mean R HK from the two published measurements of −4.99). Its predicted stellar jitter due to activity is 2.1 m s −1 (using the updated Ca ii jitter calibration of J. Wright 2008, private communication) . Asteroseismology will also contribute jitter to observations of HD 102365, however this impact will be small at less than a 0.14 m s −1 rms noise equivalent (for observations of more than 10 minutes) using the relations of O' Toole et al. (2008) .
OBSERVATIONS
AAPS Doppler measurements are made with the UCLES echelle spectrograph (Diego et al. 1990 ). An iodine absorption cell provides wavelength calibration from 5000 to 6200 Å. The spectrograph point-spread function and wavelength calibration are derived from the iodine absorption lines embedded on every pixel of the spectrum by the cell (Valenti et al. 1995; Butler et al. 1996) .
Observations of HD 102365 began as part of the AAPS main program in 1998 January, and over the following seven years it was observed regularly in observations of 200-400 s (depending on observing conditions) giving a signal-to-noise ratio (S/N) of ≈200 per spectral pixel in the iodine region. These are the observations listed in Table 2 between JD = 2450830. 212-2453402.195 . In 2005 April, HD 102365 (together with a number of other bright AAPS targets) was elevated within our observing program to high-S/N status, such that its target S/N per epoch became 400 per spectral pixel. As a result the median internal uncertainties produced by our Doppler fitting process dropped from 1.55 m s −1 to 0.89 m s −1 . The Doppler velocities derived from all these observations are listed in Table 2 .
ANALYSIS
The root-mean-square (rms) scatter about the mean velocity of all AAPS data for HD 102365 is 3.0 m s −1 , which is higher by ≈1 m s −1 than would be expected based on measurement precision and stellar jitter alone. (Lomb 1976; Scargle 1982) for this data set, along with estimated false alarm probability limits overlain at 0.1%, 1%, and 10% as generated by the Systemic Console code (Meschiari et al. 2009 ). The 122 day peak appears at a timescale considerably longer than would be expected if it were associated with the rotation period of this star, which even though a slow rotator (v sin i = 0.7 m s −1 ) is nonetheless predicted to have a rotation period of ∼40 day on the basis of its low chromospheric activity (Noyes et al. 1984) .
A least-squares Keplerian fit to the data using the 2DKLS peak as an initial estimate results in the orbital parameters shown in Table 3 . Figure 3 displays this fit (and the residuals to it) as a function of orbital phase. The rms scatter to this fit is 2.53 m s −1 , and the reduced chi-squared (χ 2 ν ) is 1.078. This fit indicates the presence of a planet with period 122.1 ± 0.3 day, eccentricity 0.34 ± 0.14, semimajor axis 0.46 ± 0.04 AU, and minimum mass (m sin i) 16.0 ± 2.6 M Earth . Eccentricities in such Doppler fits are usually quite poorly constrained, and the covariance matrix-based uncertainties quoted in Table 3 typically overestimate their actual precision. Indeed, a bootstrap-based uncertainty estimate for e in this solution Meschiari et al. (2009) indicates the 90% confidence interval on e is ±0.34-consistent with zero eccentricity. We therefore also quote in the table an orbital solution for a fixed eccentricity of e = 0.0. This solution is marginally poorer than the solution with e allowed to float (χ 2 ν = 1.098, rms = 2.57), but results in the same semimajor axis and minimum-mass estimates being derived for the planet. To test the probability that the noise in our data might have resulted in a false detection, we have run simulations using the "scrambled velocity" approach of Marcy et al. (2005) . This technique makes the null hypothesis that no planet is present and then uses the actual data as the best available proxy for the combined noise due to our observing system and the star. Multiple realizations are created by scrambling the observed velocities amongst the observed epochs. We created 5000 of these scrambled velocity sets, and then subjected them to the same analysis as our actual data set (i.e., identifying the strongest peak in the 2DKLS followed by a least-squares Keplerian fit). No trial amongst 5000 showed a χ 2 ν better than that obtained for the original data set, and the distribution of the scrambled reduced χ 2 ν (see Figure 4) shows a clear separation from that obtained with the actual data. We conclude that there is a less than 0.02% probability of us having obtained a false detection due to a fortuitous selection from a system with no planet. Figure 2 (lower panel) shows the power spectrum of the residuals to the AAPS velocities with the fitted Keplerian removed, along with recalculated false alarm probabilities at 10%, 1%, and 0.1%. No other significant periodicities are present in the data once the 122 day planetary signal is removed.
DISCUSSION
The planet HD 102365 b has a Neptune-like minimum mass (m sin i = 16.0 ± 2.6 M Earth ) and moves in an orbit equivalent to the Mercury-Venus region of the inner solar system, with a periastron of 0.30 AU (cf. Mercury orbits from 0.307 AU to 0.466 AU) and an apastron of 0.61 AU (Venus orbits from 0.718 AU to 0.728 AU). This places it in a very small group of sub-20 M Earth planets to have been detected at orbital periods beyond that of Mercury-just three such planets have been Bonfils et al. 2005; Vogt et al. 2010a) . Two of these planets orbit much lower-mass M-dwarfs (Gl 876e & Gl 581f), while HD 69830 orbits a K0 dwarf estimated to have a similar mass to that of HD 102365. Table 4 lists the 32 radial velocity exoplanets currently known with minimum masses less than 20 M Earth (including HD 102365 b) and Figure 5 shows their period distribution. There is a noticeable "pile-up" of such planets at periods of just less than 10 days, which is primarily an understandable result of two selection effects. First, since Doppler amplitude is a strong function of orbital period, planets of a given mass will be more readily detectable at short periods, than at long periods. And second, detecting a planet at a very short period (i.e., less than 2 days) is very hard in typical Doppler survey data sets, due to the strong aliasing imposed by the diurnal observing pattern. These two effects conspire to produce a peak in exoplanet detectability at 4-10 days for very low mass exoplanets.
What is interesting to note is that the period distribution is very similar for M-, K-, and G-type dwarf primaries. Given that these correspond to a variation in typical primary mass of a factor of three (and also presumably of the mass of the protoplanetary disk from which these planets formed), this would suggest that the process of forming sub-Neptune mass planets-and then migrating them in to radii of less than 0.6 AU-is not a strong function of stellar or disk mass.
The three planets noted above with similar properties to HD 102365 b (Gl 876e, HD 69830d, and Gl 581f) all lie in multiple systems. The HD 69830 system is a triple, while the two M-dwarfs (Gl 876 and Gl 581) host four and six exoplanets, respectively. In contrast, our HD 102365 data show no evidence for additional planets (see Figure 2) . We computed the detectability of additional planets in the residuals to our oneplanet fit, using the method of Wittenmyer et al. (2006 Wittenmyer et al. ( , 2010 . In brief, we add a Keplerian signal to the existing velocity data, then attempt to recover that signal using an LS periodogram. The mass of the simulated planet is increased until 99% of the injected signals are recovered with FAP < 0.1%. The results of this analysis are shown for P < 300 days in Figure 6 . Averaged over periods of less than 400 days (corresponding to a < 1 AU), our data exclude the presence of planets in circular orbits down to a Doppler amplitude of K = 1.8 ± 0.4 m s −1 ; that is, there are no "Super Earth" exoplanets more massive than 10 M Earth orbiting at periods of less than 50 days in the HD 102365 system, and no planets more massive than 20 M Earth within 1 AU. Furthermore, our data rule out all planets with m sin i > 0.3 M Jup within 5 AU (corresponding to the 12.4 year duration of these observations). The HD 102365 system really does appear to contain just one ice-giant planet. It would be tempting to attribute the paucity of additional planets in this system to HD 102365's low metallicity of [Fe/H] = −0.30, and a resultant paucity of refractory elements for the formation of cores onto which planetary accretion can take place (Laughlin et al. 2004; Ida & Lin 2004 , were it not for the similarly lower than solar metallicity of Gl 581 (though it must be acknowledged the determining metallicities for M-dwarfs is currently problematic, 
